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(54) Molybdenum-based complex oxide catalysts; use thereof for producing (meth)acroleln and 
(meth)acry lie acid 



(57) A complex oxide catalyst of formula (1 ): 



Mo.WbBioFedA^fCPhBA 



wherein Mo is molybdenum; W is tungsten; Bi is 
bismuth; Fe is Iron; A Is one or more element selected 
from nickel and cobalt; B is one or more element, 
selected from sodium, potassium, rubidium, cesium and 
thallium; C is one or more element selected from alka- 
line earth metals; D is one or more element selected 
from phosphorus, tellurium, antimony, tin, cerium, lead, 
niobium, manganese, arsenic, boron and zinc; E Is one 
or more element selected from silicon, aluminium, tita- 
nium and zirconium; and O is oxygen; a, b, c, d, e, f, g, 
h, i and x denote the atomic ratios of Mo, W, Bi, Fe, A, B, 
C, D, E and O, respectively; such that when a is 12, 
Osbs 10, 0<cs510, 0<ds10, 2se^15, 0<fs10, OssgslO, 
0shs4 and 0<te30, and x is determined by the degree 
of oxidation of each of the elements, said catalyst being 
characterized in that the molar ration of total nitrate ani- 
ons to molybdenum at the time of catalyst preparation is 
from 1:1 to 1.8:1. 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3j6 



EP 1 055 455 A2 



Description 

[Technical field to which the invention belongs] 

5 [0001] This invention relates to complex oxide catalysts and process for producing (meth) acrolein and (meth)acryiic 
acid. More particularly, the invention relates to Mo-Bi-containing complex oxide catalysts which are suitable for use in 
production of (meth)acrolein and (meth)acrylic acid, and process for producing (meth)acrolein and (meth)acrylic acid 
by vapor-phase oxidation of at least one compound selected from propylene, isobutylene, t-butanol and methyl-t-butyl 
ether, in presence of one of said catalysts. 

10 

[Conventional technology] 

[0002] Many proposals have been made for improved catalysts for vapor phase catalytic oxidation of propylene, iso- 
butylene and the like to produce (meth)acrylic acid and (meth)acrolein. For example, Official Gazette of Sho 50 (1 975)- 

15 13308A1-JP and Sho 50-4791 5A1 -J P proposed catalysts containing at least an element selected from K, Rb and Cs 
as one of the essential components, besides Mo, Bi, Fe, Sb and Ni, and Sho 64 (1889)-56634A1-JP proposed those 
containing at least an element selected from Ni and Co as the essential component, in addition to Mo, Bi and Fe. Also 
Sho 56 (1 981)-52013B1-JP disclosed catalysts containing at least an element selected from Mg, Ca, Zn, Cd and Ba as 
the essential component, besides Mo, Bi and Fe; and Sho 56-23969B1 -JP, catalysts containing at least an element 

20 s lected from IIA and MB Group elements as the essential component, besides Mo, Bi and Fe. 

[0003] In those prior art catalysts, as Bi-supplying sourse water-soluble compounds thereof, in particular, nitric acid 
salts are used. However, use of bismuth nitrate as the Bi-supplying source in production of the catalysts of high Bi con- 
t nt (e.g., those in which the atomic ratio of Mo to Br is, where Mo is 12, Bi is 3-7) is problematical. With the view to solve 
that problem, Sho 62 (1 987)-234548Al -JP has proposed a production method of complex oxide catalysts for which bis- 

25 muth oxide or bismuth oxycarbonate are used as the Bi-supplying source. 

[Objects of the invention] 

[0004] While prior art Mo-Bi-containing complex oxide catalysts are considered to have overcome the problem inci- 
30 dental to the use of bismuth nitrate, there still remain shortcomings which must be improved. More specifically, for 
xample, © in the occasions of producing (meth >acro lei n and (meth)acrylic acid by vapor-phase oxidation of propyl- 
ns, isobutylene and the like using those catalysts, yield of the object products is not necessarily satisfactory, and ® 
due to sublimation of the molybdenum component in the catalysts during the vapor-phase oxidation reaction of propyl- 
ene, isobutylene and the like, the catalytic activity decreases and the catalysts are unsatisfactory in respect of their life. 
35 [0005] One of the objects of the present invention is, therefore, to provide complex oxide catalysts for production of 
(meth) acrolein and (meth)acrylic acid, which excel in activity, selectivity and catalyst life and exhibit stable performance 
over prolonged period. 

[0006] Another object of the invention is to provide a process for producing (meth) acrolein and (meth)acrylic acid 
at high yield and with stability, by vapor-phase oxidation of at least one compound selected from propylene, isobutylene, 
40 t-butanol and methyl-t-butyl ether with molecular oxygen or a molecular oxygen-containing gas in the presence of the 
above complex oxide catalyst. 

[Means to solve the problem] 

45 [0007] We have made concentrative studies on complex oxide catalysts to discover that the amount of molybdenum 
sublimation during vapor phase oxidation reaction of propylene, isobutylene and the like is inhibited when the amounts 
of bismuth, iron, cobalt and nickel are relatively large. However, it is also discovered that the relatively large amounts of 
bismuth, iron, cobalt and nickel increase also the amount of nitrate anions at the time of catalyst preparation, which has 
such adverse effects as deteriorating moldability of catalyst compositions and impairing their catalytic performance. We 

so continued further investigations with the view to solve this problem, to find that the catalysts excelling in activity, selec- 
tivity and life can be produced with good reproducibility by reducing the molar ratio of nitrate anions to molybdenum at 
the time of the catalyst preparation. 

[0008] Thus, according to the present invention, complex oxide catalysts are provided, which are represented by 
general formula (1) below: 

55 
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(1) 

5 

(wherein Mo is molybdenum; W is tungsten; Bi is bismuth; Fe is iron; A is at least an element selected from nickel 
and cobalt; B is at least an element selected from sodium, potassium, rubidium, cesium and thallium; C is at least an 
element selected from alkaline earth metals; D Is at least an element selected from phosphorus, tellurium, antimony, 

10 tin, cerium, Lead, niobium, manganese, arsenic, boron and zinc; E is at least an element selected from silicon, alumin- 
ium, titanium and zirconium; and O is oxygen; a, b, c, d, e, f, g, h, i and x denote the atomic ratios of Mo, W, Bi, Fe, A, 
B, C, D, E and O, respectively; and where a is 12, OsbslO, 0<cs10 (preferably 0.1scs10), 0<ds10 (preferably 
O.lsdiSlO) 2ses15, 0<fs10 (preferably O.OOIsfslO), OsgslO, 0shs4 and Osis 30, and x is determined by degree of 
oxidation of each of the elements), 

is said catalysts being characterized In that the molar ratio of total nitrate anions to molybdenum at the time of catalyst 
preparation is adjusted to be more than 1 but not more than 1.8. 

[0009] According to the Invention, furthermore, there is provided a process for producing (meth)acrolein and 
(meth)acrylic acid through vapor-phase oxidation of at least one compound selected from the group consisting of pro- 
pylene, isobutylene, t-butanol and methyl-t-butyl ether with molecular oxygen or a molecular oxygen-containing gas, in 
20 the presence of an oxidation catalyst, the process being characterized in that it uses an above-defined complex oxide 
catalyst. 

[Embodiments of the invention] 

25 [001 0] The catalysts of the present invention are complex oxide catalysts, at the time of whose preparation the ratio 
of the total molar amount of nitrate anions [NOJ to the molar amount of molybdenum [Mo] is adjusted to be more than 
1 but not mora than 1 .8, i.e., 1 <[N0 3 ]/[Mo]^1 .8. Preferably the ratio is within the range of 1.1s[NC>3]/[Mo]£l.B. 
[0011] "Total molar amount of nitrate anions at the time of the catalyst preparation" signifies the sum of the molar 
amount of nitrate anions contained in all of the starting materials which are used for preparation of the catalyst plus the 

30 molar amount of nitrate anions originating from the nitric acid which Is used for the catalyst preparation as necessity 
arises. For example, referring to the later appearing Example 1 , it is the total sum of the molar amount of nitrate anions 
derived from the cobalt nitrate, nickel nitrate, etc., which were used as the starting materials, plus the molar amount of 
the nitrate anions derived from the nitric acid which was used for dissolving bismuth nitrate. 

[0012] When the ratio of [N0 3 ] to [Mo] exceeds 1 .8, deterioration in moldabiiity and degradation in the catalytic per- 
35 formance result, and the objects of the present invention cannot be accomplished. That is, when such a large amount 
of nitrate anions is present at the time of the catalyst preparation, pH becomes very low and under the strongly acidic 
condition, stability and reactivity of molybdenum, tungsten and the like are adversely affected. Furthermore, because 
the powder obtained through such steps as evaporation to dry 6olid, drying and grinding contains the large amount of 
nitrate anions, it absorbs moisture during molding and is apt to invite deterioration in moldabiiity. Whereas, when the 
40 ratio of [NO a ] to [Mo] is 1 or less, reactivity among the used elements drops, which results In reduction in catalytic activ- 
ity. 

[0013] For controlling the ratio of the total molar amount of nitrate anions to that of molybdenum to be more than 1 
but not more than 1.8 at the time of catalyst preparation, for example, basic bismuth nitrate is used as at least a part of 
the bismuth source. "Basic bismuth nitrate" is, while its chemical formula is not necessarily established, also called, for 
45 example, bismuth oxyn'rtrate or bismuth oxyhyroxide and has a less nitrate anions content than that of bismuth nitrate 
(Bi(N03> 3 • 5H 2 0). For keeping the ratio within the specified range, furthermore, as the sources of other elements com- 
pounds other than nitrates (e.g., compounds containing no or less nitric acid, such as hydroxides, carbonates, acetates 
or sulfates) may be used. 

[0014] Of the catalysts of the present invention, those of high bismuth, iron and A component (nickel and/or cobalt) 
so contents are preferred, because they can better reduce sublimation of molybdenum during the oxidation reaction. More 
specifically, referring to the general formula (1), those complex oxide compositions in which 9s c+d+e , in particular, 
9s3C+d+e^20 , are preferred. Hence it is convenient to use, as at least a part of the bismuth -supply source, basic bis- 
muth nitrate, and as the supply sources of iron and A component, compounds containing no or less nitric acid, to render 
the molar ratio of total nitrate anions to molybdenum not more than 1 .8 at the time of preparing the catalyst. Specifically, 
55 use of iron hydroxide or the like as the source of iron, and nickel carbonate, nickel acetate, cobalt acetate or the like as 
the source of A component, is preferred. 

[0015] The catalysts of the present invention can be prepared by the generally practiced methods for preparing this 
type of catalysts, from generally us d starting materials. 



EP 1 055 455 A2 

Mo a W b Bi c Fe d A e B f CgDhEiO^ 



3 



EP 1 055 455 A2 

[001 6] As the starting materials, compounds which produce oxides upon calcination, for example, amm nium salts, 
nitrates and the like can be used. As the method of preparation, it normally comprises dissolving or dispersing each pre- 
scribed amount of starting materials containing the elementary components In an aqueous medium, heating the solu- 
tion or dispersion under stirring, then evaporating the system to dry solid, drying and grinding the solid and molding the 

5 resultant powder into optional form by extrusion molding, making tablets or granulation. In that occasion, inorganic fib- 
rs such as glass fiber and various kinds of whiskers, which are generally well known for their effect of improving 
str ngth and attrition resistance of catalyst may be added. Also for controlling the catalyst properties with good repro- 
ducibility, additives generally known as powder binder such as ammonium nitrate, cellulose, starch, polyvinyl alcohol, 
stearic acid and the like may be used. 

10 [001 7] The catalyst of the present invention can be used by itself or may be supported on inert carriers such as alu- 
mina, silica-alumina, silicon carbide, titanium dioxide, magnesium oxide, aluminium sponge and the like. 
[0018] The complex oxide catalysts according to the present invention can be obtained by calcining the molded 
products or those supported on caters at 300-600 °C for around 1-10 hours in an air stream. 

[001 9] The complex oxide catalysts of the present invention are favorably used for producing acrolein and acrylic 
15 acid by vapor- phase oxidation of propylene; meth acrolein and methacryfic acid by vapor-phase oxidation of iso butyl ene; 
methacrolein and methacry(ic acid by vapor-phase oxidation of t-butanol; and meth acrolein and methacrylic acid by 
vapor-phase oxidation of methyl-t-butyl ether. Needless to say, furthermore, the present invention also covers such an 
embodiment, taking an example in the vapor-phase oxidation of propylene, of producing mainly acrolein. 
[0020] Apparatus and operation conditions for practicing the vapor-phase catalytic oxidation reaction of the present 
20 invention are subject to no critical limitation. As the reactor, any of generally used fixed bed, fluidable bed and mobile 
bed reactors can be used, and as the reaction conditions those generally used for producing (meth) acrolein and 
(meth) acrylic acid by vapor-phase catalytic oxidation can be adopted. For example, a gaseous mixture comprising 1 -1 5 
vol.% of at least one compound selected from propylene, isobutyiene, t-butanol and methyl-t-butyl ether as the starting 
gas and 1-10 vol. times of the starting gas of molecular oxygen and inert gas which is to serve as a diluent (e.g., nitro- 
25 gen, carbon dioxide, 6team, etc.) is contacted with a catalyst of the present invention at temperatures ranging from 250 
to 450°C, under a pressure ranging from 0.1 to 1 .0 MPa and at a space velocity ranging from 300 to SOOOhr" 1 (STP) to 
carry out the intended reaction. 

[0021] According to the process of the present invention, acrolein and acrylic acid are produced from propylene; 
methacrolein and methacrylic acid, from isobutyiene; methacrolein and methacrylic acid, from t-butanol; and methac- 
30 rolein and methacrylic acid, from methyl-t-butyl ether, at high yield. 

[Effect of the invention] 

[0022] The catalysts of the present invention can be prepared with good reproducibility, have high activity levels and 
35 exhibit high yields. Thus, according to the process of the present invention using the catalysts, (meth)acrolein and 
(meth) acrylic acid can be produced at high yields with high stability over prolonged period. 

[Examples] 

40 [0023] Hereinafter the present invention is explained more specifically, referring to working Examples, it being 
understood that the invention is not limited thereto. In the foliowing Examples and Comparative Examples, the conver- 
sion, total selectivity and total one-pass yield have the following definitions. 

Conversion (mol %) = (rnol number of reacted starting compound)/(mol 
45 number of supplied starting compound) x 1 00 

Total selectivity (mol %) = (total mol number of formed (meth)acroleln and 
(meth)acrylic acid)/(mol number of reacted starting compound) x 100 

50 

Total one-pas6 yield (mol %) = (total mol number of formed (meth)acrolein and 
(meth)acryllc acld)/(mol number of supplied starting compound) x 100 

55 
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[Catalyst preparation] 

5 [0024] In 1 liter of ion-exchange water, 550 g of cobalt nitrate, 412 g of nickel nitrate and 286 g of f rric nitrate were 
dissolved, and 92 g of bismuth nitrate was dissolved in aqueous nitric acid consisting of 50 g of 61 wt.% nitric acid and 
200 ml of ion -exchange water. Separately, 1 000 g of ammonium paramorybdate and 25 g of ammonium paratungstate 
were added to 3 liters of heated ion-exchange water, and dissolved under stirring. Into thus formed aqueous solution, 
the two aqueous solutions which were separately prepared were added dropwise and mixed, and into the mixture then 

10 an aqueous solution of 3.8 g of potassium nitrate in 50 ml of ion-exchange water and 141 g of silica sol of 20 wt.% in 
concentration were added by the order stated. Thereafter 178 g of basic bismuth nitrate (product of Kanto Chemical 
Co.) was added to the mixture to provide a slurry containing the following elements: Mo, W, Bi, Fe, Co, Ni, K and Si. The 
molar ratio of the total nitrate anions to the molybdenum [NO^Mo] in this slurry was 1 .8. 

[0025] This slurry was heated under stirring, evaporated to dry solid and dried. The resulting solid was pulverized 
15 and molded into rings of each 6 mm in outer diameter, 2 mm in inner diameter and 6.6 mm in length, which were cal- 
cined at 480°C for 8 hours in an air stream to provide catalyst (1). 

[0026] The metal element composition of this catalyst (1 ) was as follows (in terms of atomic ratio excepting oxygen, 
as in all of the following Examples): 

20 

Mo^W^Bij .7Fe u Cte 4 Ni 8 K aM Si 1 . 



25 

[0027] A stainless steel reactor of 25 mm In diameter was charged with 1500 ml of catalyst (1), and Into which a 
gaseous mixture comprising 7 vol. % of propylene, 14 vol. % of oxygen, 25 vol. % of steam and 54 vol. % of inert gas 
(nitrogen, etc.) was introduced at a space velocity of 1 BOOhr 1 (STP) and reaction temperature of 310°C to carry out the 
oxidation reaction. The result was as shown in Table 1 . 

30 

Comparative Example 1 
[Catalyst preparation] 

35 [0028] Catalyst (2) was prepared in the same manner as in Example 1 , except that no basic bismuth nitrate was 
added and that the amount of bismuth nitrate was increased to 389 g. [NO^/fMo] in this slurry was 2.0. 
[0029] The metal element composition of this catalyst (2) was same to that of catalyst (1). 

[Oxidation reaction] 

AO 

[0030] The oxidation reaction of Example 1 was repeated except that catalyst (2) was used in place of catalyst (1). 
The result was as shown in Table 1. 

Comparative Example 2 

45 

[Catalyst preparation] 

[0031] Catalyst (3) was prepared in the same manner as in Example 1 , except that 1 37 g of cobalt nitrate and 251 
g of cobalt acetate were used as the source of cobalt and 250 g of nickel acetate was used as the source of nickel. The 
so [N0 3 ]/[Mo] ratio in the slurry was 0.8. 

[0032] The metal element composition of this catalyst was same to that of catalyst (1 ). 

[Oxidation reaction] 

55 [0033] The oxidation reaction of Example 1 was repeated except that catalyst (3) was used in place of catalyst (1). 
The result was as shown in Table 1. 

[0034] Upon comparing Example 1 with Comparative Examples 1 and 2, it is understo d that catalyst (1) of the 
present invention excels over the control catalysts (2) and (3) in catalytic activity and gives high yield. 



5 
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Example 2 

[Catalyst preparation] 

s [0035] In 1 liter of ion-exchange water, 137 of cobalt nitrate, 251 g of cobalt acetate, 412 g of nickel nitrate and 286 
g of ferric nitrate were dissolved, and 92 g of bismuth nitrate was dissolved in aqueous nitric acid consisting of 50 g of 
61 wt.% nitric acid and 200 ml of ion-exchange water. Separately, 1000 g of ammonium paramolybdate and 25 g of 
ammonium paratungstate were added to 3 liters of ion-exchange water and dissolved under stirring. To the so formed 
aqueous solution, those separately prepared two aqueous solutions were added dropwise and mixed, and to the mix- 

10 ture an aqueous solution of 3.8 g of potassium nitrate in 50 ml of ion-exchange water and 141 g of silica sol of 20 wt.% 
in concentration were added by the order stated. Upon further adding 178 g of basic bismuth nitrate (product of Kanto 
Ch mical Co.) to the mixture, a slurry containing the following elements was obtained: Mo, W, Bi, Fe, Co, Ni, K and Si. 
The [NC>3]/[Mo] ratio in the slurry was 1 .3. 

[0036] Using this slurry, catalyst (4) was prepared in the same manner as in Example 1 . The metal element com- 
15 position of this catalyst (4) was as follows: 

Mo 12 W 0J2 Bi 1.7 Fe L6 Co 4 Ni 3 K 0.08 Si l ■ 

20 



[Oxidation reaction] 

25 

[0037] The oxidation reaction of Example 1 was repeated except that catalyst (4) was used in place of catalyst (1). 
The result was as shown in Table 1 . 

Example 3 

30 

[Catalyst preparation] 

[0038] In 1 liter of ion-exchange water, 550 g of cobalt nitrate and 286 g of ferric nitrate were dissolved, and there- 
after 250 g of nickel acetate was added to the solution. Separately, 389 g of bismuth nitrate was dissolved in aqueous 

35 nitric acid consisting of 50 g of 61 wt.% nitric acid and 200 ml of ion-exchange water. Again separately, 1 000 g of ammo- 
nium paramolybdate and 25 g of ammonium paratungstate were added to 3 liters of heated ion-exchange water and 
dissolved under stirring. To the resulting aqueous solution, the first two aqueous solutions separately prepared were 
add d dropwise and mixed. To the mixture an aqueous solution of 3.8 g potassium nitrate in 50 ml of ion -exchange 
water and 141 g of silica sol of 20 wt.% in concentration were added by the order stated, to provide a slurry containing 

40 the following elements: Mo, W, BI, Fe, Co, Ni, K and Si. The [N03]/[Mo] ratio in this slurry was 1 .5. 

[0039] Using this slurry, catalyst (5) was prepared in the same manner as in Example 1 . The metal element com- 
position of this catalyst (5) was as follows: 



50 

[Oxidation reaction] 

[0040] The oxidation reaction of Example 1 was repeated except that catalyst (5) was used in place of catalyst (1). 
The result was as shown in Table 1 . 

55 



6 



EP 1 055 455 A2 



TABLE 1 





Propylene Conversion % 


Acrolein +Acrylic Acid 
Yield % 


Acrolein + Acrylic Acid 
Selectivity % 


Example 1 


98.5 


93.7 


95.1 


Comparative Example 1 


96.2 


89.6 


92.3 


Comparative Example 2 


95.3 


89.5 


93.9 


Example 2 


98.3 


93.2 


94.8 


Example 3 


97.9 


92.7 


94.7 



15 Example 4 

[Catalyst preparation] 

[0041] In 1 liter of ion-exchange water, 893 g of cobalt nitrate, 305 g of ferric nitrate and 1 0 g of cerium nitrate were 
20 dissolved. Separately, 1000 g of ammonium paramolybdate and 64 g of ammonium paratungstate were added to 3 lit- 
ers of ion-exchange water and dissolved under stirring. To the so formed aqueous solution the other aqueous solution 
was added dropwise and mixed, and to the mixture an aqueous solution of 55 g of cesium nitrate in 100 ml of ion- 
exchange water and 273 g of basic bismuth nitrate were added by the order stated, to provide a slurry containing the 
following elements: Mo, W, Bi, Fe, Co, Ce and Cs. The [NO^Mo] ratio in the slurry was 1 .7. 
25 [0042] The same slurry was heated under stirring, evaporated to dry solid and dried. The resulting solid was pul- 
verized and molded into rings of each 6 mm In outer diameter, 2 mm In inner diameter and 6.6 mm in length. The rings 
were calcined at 500°C for 8 hours in an air stream to provide catalyst (6) whose metal element composition was as 
follows: 

M ° 12 W 0.5 Bi 2 Fe L6 COSJJ Ce 0.05 C8 0.6 - 



35 

[Oxidation reaction] 

[0043] A stainless steel reactor of 25 mm in diameter was charged with 1 500 ml of catalyst (6), and into said reactor 
a gaseous mixture composed of 6 vol.% of isobutytene, 14 vol.% of oxygen, 25 vol.% of steam and 55 vol.% of inert gas 
40 (nitrogen, etc.) was introduced at a space velocity of 1 BOOhr 1 (STP) to carry out the oxidation reaction at 340°C. The 
result was as shown in Table 2. 

Comparative Example 3 

45 [Catalyst preparation] 

[0044] The catalyst preparation of Example 4 was repeated except that 206 g of cobalt nitrate and 418 of cobalt 
acetate were used as the cobalt source, to provide catalyst (7). The [NO^Mo] ratio in the slurry was 0.9. 
[0045] The metal element composition of this catalyst (7) is same to that of catalyst (6). 

so 

[Oxidation reaction] 

[0046] The oxidation reaction in Example 4 was repeated except that catalyst (6) was replaced with catalyst (7). 
The result was as shown in Table 2. 

55 
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Comparative Example 4 
[Catalyst preparation] 

5 [0047] Catalyst (8) was prepared in the identical manner with Example 4, except that no basic bismuth nitrate was 
used and that the amount of bismuth nitrate was increased to 458 g. The [NO3]/ [Mo] ratio in the slurry was 2.1 . 
[0048] The metal element composition of catalyst (8) is same to that of catalyst (6). 

[Oxidation reaction] 

10 

[0049] The oxidation reaction in Example 4 was repeated except that catalyst (8) was used in place of catalyst (6). 
The result was as shown in Table 2. 

Example 5 

15 

[Catalyst preparation] 

[0050] In 1 liter of ion-exchange water, 756 g of cobalt nitrate and 381 g of ferric nitrate were dissolved. Separately, 
1000 g of ammonium paramolybdate and 64 g of ammonium paratungstate were added to 3 liters of heated ion- 
20 xchange water and dissolved under stirring. To the so formed aqueous solution the other aqueous solution was added 
dropwise, and mixed. To the mixture then an aqueous solution of 55 g of cesium nitrate in 100 ml of ion-exchange water, 
273 g of basic bismuth nitrate and 55 g of bismuth oxide were added by the order stated. The [NO^Mo] ratio in the 
r suiting slurry was 1.6. 

[0051] Thus obtained slurry was heated under stirring, evaporated to dry solid and dried. The resulting solid was 
25 pulverized and molded into rings of 6 mm in outer diameter, 2 mm in inner diameter and 6.6 mm in length, which were 
calcined at 500°C for B hours in an air stream to provide catalyst (9). The metal element composition of this catalyst (9) 
was as follows: 



Mo 12 W 0.5 Bi 2 Fe 1.6 Co 6.5 Ce 0.05 C8 O.6 ■ 



35 

[Oxidation reaction] 

[0052] The oxidation reaction was carried out in the identical manner with that in Example 4, except that catalyst 
40 (6) was replaced with catalyst (9). The result was as shown in Table 2. 



TABLE 2 



45 





Isobutylene Conversion 
% 


Methacrolein + Meth- 
acrylic Acid Yield % 


Methacrolein + Meth- 
acryiic Acid Selectivity % 


Example 4 


98.8 


87.1 


88.2 


Comparative Example 3 


96.9 


84.6 


87.3 


Comparative Example 4 


95.5 


83.6 


87.5 


Example 5 


98.9 


67.0 


88.0 



Example 6 

55 

[0053] The oxidation reaction was carried ut in the identical mann r with that of Example 4, except that t-butanol 
was us d as the starting gas in place of isobutyl ne. The r suit was as shown in Table 3. 



8 
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TABLE 3 







t-Butanol Conversion % 


Methacroleln + Meth- 


Methacrolein + Meth- 


5 






acryllcAdd Yield % 


acrylic Acid Selectivity % 




Example 6 


100 


87.2 


87.2 



Example 7 

10 

[0054] The oxidation reaction was carried out in the identical manner with that in Example 4, except that methyl-t- 
butyl ether (MTBE) was used as the starting gas in place of isobutylene, and that the space velocity and the reaction 
temperature were changed to 1200hr" 1 (STP) and 350°C, respectively. The result was as shown in Table 4. 



15 

TABLE 4 







MTBE Conversion % 


Methacroleln + Meth- 


Methacroleln + Meth- 








acryllc Acid Yield % 


acryllc Acid Selectivity % 


20 


Example 7 


98.9 


85.8 


86.8 



Example 8 



[Catalyst preparation] 

25 

[0055] In 1 liter of ion-exchange water, 756 g of cobalt nitrate and 229 g of ferric nitrate were dissolved, and 1 37 g 
of bismuth nitrate was dissolved in aqueous nitric acid composed of 30 g of 61 wt.% nitric acid and 120 ml of ion- 
exchange water. Separately, 1 000 g of ammonium paramolybdate and 63 g of ammonium paratungstate were added to 
3 liters of heated ion-exchange water and dissolved under stirring. To thus formed aqueous solution, the first two aque- 

30 ous solutions separately prepared were added dropwise and mixed, and to the resulting mixture an aqueous solution 
of 2.4 g of potassium nitrate in 50 ml of ion-exchange water and 191 g of silica sol of 20 wt.% in concentration were 
added by the order stated. Lastly, 110 g of basic bismuth nitrate (product of Kanto Chemical Co.) was added to the mix- 
ture to provide a slurry containing Mo, W, Bi, Fe, Co, K and St. The [NC>3]/[Mo] ratio in this slurry was 1 .5. 
[0056] This slurry was heated under stirring, evaporated to dry solid and dried. The resulting solid was pulverized 

35 and molded into cylindrical product of each 6 mm in diameter and 6.6 mm in length, which was calcined at 460°C for 8 
hours in an air stream to provide catalyst (10). 

[0057] The metal element composition of this catalyst (10) was as follows: 



Mo^Wo^Bi^Fe^Cog^Ko.ojjSi^/ 



45 

[Oxidation reaction] 

[0058] The oxidation reaction as carried out In Example 1 was repeated except that catalyst (1 0) was used in place 
so of catalyst (1 ). The result was as shown in Table 5. 

[0059] When this catalyst (10) (in which c+d+e = 8.1 ) was used in the reaction over many hours, minor reduction 
in catalytic performance was observed. 

Example 9 

55 

[Catalyst preparation] 

[0060] Catalyst (1 1) was prepared in the identical manner with Example 8, except that bismuth nitrate was us d in 
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place of basic bismuth nitrate. The [NOjJ/fMo] ratio at the time of the catalyst preparation was 1.6. 
[Oxidation reaction] 

s [0061] The oxidation reaction as conducted in Example 1 was repeated exc pt that catalyst (1 1) was used in place 
of catalyst (1 ). The result was as shown in Table 5. 

[0062] When catalyst (1 1) was used in the reaction over many hours, minor reduction in catalytic performance was 
observed similarly to the case of Catalyst (10). 

10 

TABLE 5 





Propylene Conversion % 


Acrolein + Acrylic Acid 
Yield % 


Acrolein + Acrylic Acid 
Selectivity % 


Example 8 


97.2 


91.1 


93.7 


Example 9 


97.1 


91 


93.7 



[0063] For the avoidance of doubt, the catalysts of the present invention are obtainable by a process involving a 
20 molar ratio of total nitrate anions to molybdenum is from 1:1 to 1.8:1, preferably from 1.1:1 to 1.8:1. 

Claims 

1 . A complex oxide catalyst of formula (1 ): 

25 



30 wherein Mo is molybdenum; W is tungsten; Bi is bismuth; Fe is iron; A is one or more element selected from nickel 
and cobalt; B is one or more element selected from sodium, potassium, rubidium, cesium and thallium; C is one or 
more Blement selected from alkaline earth metals; D is one or more element selected from phosphorus, tellurium, 
antimony, tin, cerium, lead, niobium, manganese, arsenic, boron and zinc; E is one or more element selected from 
silicon, aluminium, titanium and zirconium; and O is oxygen; a, b, c, d, e, f, g, h, i and x denote the atomic ratios of 

35 Mo, W, Bi, Fe, A, B, C, D, E and O, respectively; such that when a is 12, Osbrs 10, 0<cs10, 0<ds10, 2se^15, 

0<fs10, OsgslO, 0shs4 and 0sis30, and x is determined by the degree of oxidation of each of the elements, said 
catalyst being characterized in that the molar ration of total nitrate anions to molybdenum at the time of catalyst 
preparation is from 1:1 to 1.8:1. 

40 2. A catalyst according to claim 1 , wherein some or all of the bismuth is provided by basic bismuth nitrate. 

3. A catalyst according to claim 1 or claim 2, wherein 9sc + d + e^20 . 

4. A catalyst according to any one of claims 1 to 3, wherein the molar ratio of total nitrate anions to molybdenum at 
45 the time of catalyst preparation is not less than 1.1:1. 

5. A catalyst according to any one of the preceding claims, wherein when a is 12, 0.1 scsl 0 and/or 0.1 sdsl 0 and/or 
0.001 ssfsslO. 

so 6. A process for the production of a catalyst according to any one of claims 1 to 5, which process comprises dissolving 
or dispersing the required amounts of starting materials containing the elementary components in an aqueous 
medium, heating the solution or dispersion under stirring, evaporating the system to dry solid, optionally drying, 
grinding and molding the product into a desired form and calcining the solid at from 300 to 600 °C for about 1 to 1 0 
hours in an air steam. 

55 

7. Use of a catalyst according to any ne f claims It 5 or obtainable by a process according to claim 6 in a process 
for producing (meth)acrolein and (meth)acrylic acid through vapor-phase oxidation of one r more compound 
s lected from propyl ne, isobutylen f t-butanol and methyM-butyl ester with molecular oxygen or molecular oxy- 
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gen-containing gas. 

8. A process for producing (meth)acrolein and (meth)acrylic acid through vapor-phase oxidation of one or more com- 
pounds selected from propylene, isobutyl ne, t-butanol and rnethyl-t-butyl ether with mol cular oxygen or molecu- 
5 lar oxygen-containing gas in the presence of a catalyst according to any one of claims 1 to 5 or btainable by a 

process according to claim 6. 
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